and chronic effects on renal function. There is mixed evidence on the long-term effects of chronic NSAID use on renal function, with a number of studies showing a risk increase between two-and eight-fold for renal decline or admission for acute kidney injury, [8] [9] [10] with some studies showing a dose-response effect. [11] [12] [13] No UK studies were found on NSAID prescribing in ethnic minority groups with CKD.
Although studies of younger, healthy adults have shown little risk from longterm exposure to NSAIDs, 14, 15 recent studies provide robust evidence of a risk of decline in renal function among older people experiencing high cumulative NSAID exposure. 8, 16, 17 Studies on the effects of drug interactions highlight the additional risk of acute kidney injury when there is concurrent use of diuretics with angiotensin-convertingenzyme inhibitors/angiotensin receptor blockers (ACEIs/ARBs) and NSAIDs. 18 In the UK, as in many countries, some oral NSAID preparations are available without prescription, and may additionally form part of OTC combination products marketed for symptoms of febrile illnesses and pain. This provides additional potential for renal damage, which may occur when a combination of prescription and OTC medications are used together. Surveys in the US show high levels of combined prescription and OTC NSAID use. 19, 20 This analysis uses data from 12 000 adult patients from east London general practice
Abstract Background
The public health burden of chronic kidney disease (CKD) and end-stage kidney disease is a national priority and is the subject of recent guidelines. In the UK, ethnic minority groups are over-represented in the renal replacement population (17.8%) compared with the white population (11%).
Aim
Non-steroidal anti-inflammatory drugs (NSAIDs) are a preventable cause of renal damage. Previous studies suggest a prescribing prevalence between 9% and 36% among those with CKD, but have not examined differences by ethnic group.
Design and setting
Cross-sectional survey of 12 011 patients with identified CKD (stages 3-5) in the three PCTs of Tower Hamlets, Hackney, and Newham.
Method
Assessment of NSAID prescribing rates in a multi-ethnic, socially-deprived population, using descriptive and multivariate analysis.
Results
NSAIDs were prescribed for 11.1% of patients with CKD in the year prior to November 2012. Prescribing rates decreased stepwise by stage of renal impairment. Using daily defined dosages this study shows that in comparison with white groups both South Asian and black groups are much less likely to be in the top decile of NSAID prescribing, hence the overall prescribing load will be less: (odds ratio [OR] for South Asians = 0.34, 95% confidence interval [CI] = 0.22 to 0.54, OR for black groups = 0.34, 95% CI = 0.19 to 0.63).
Conclusion
National rates of NSAID prescribing continue to rise, and over-the-counter sales remain unmonitored, despite longstanding concerns about renal outcomes. Prescribing patterns indicate that GPs reduce prescribing as CKD progresses. Differential use of NSAIDs by ethnic group is unlikely to contribute to the high rates of end-stage kidney disease in ethnic minority groups.
Keywords
chronic kidney disease; ethnicity; general practice; NSAID prescribing. with estimated glomerular filtration rate (eGFR) values of <60 ml/min/1.73m 2 . With high levels of ethnic group recording in the primary care population (over 95%), it was possible to examine the prevalence and intensity of oral NSAID prescribing by ethnic group. It is hypothesised that ethnic minority groups may be more likely to receive a prescription for NSAIDs, and that this in turn may help to explain the disproportionate prevalence of patients from black and South Asian groups on renal replacement treatment (RRT) in the UK.
METHOD
This details of the study setting have been described previously. 7 In November 2012, demographic, clinical, and prescribing data were extracted for all patients aged ≥18 years, registered with 102 general practices across Tower Hamlets, Newham, and City & Hackney. All data were anonymous and managed according to UK NHS information governance requirements.
Demographic variables included age, sex, ethnic group, and deprivation. Selfreported ethnic group was recorded at the practice during registration or routine consultation. Ethnic categories are based on the UK 2011 census and for this study were condensed into four categories: white (British, Irish, other white), black (black African, black Caribbean, black British, other black, and mixed black), South Asian (Bangladeshi, Pakistani, Indian, Sri Lankan, British Asian, other South Asian, or mixed Asian), and other (Chinese, other, other mixed). Patients of mixed ethnic groups were grouped with their parent ethnic minority. For example, an individual who had classified themselves as mixed South Asian and British was classed as South Asian for the purposes of this study. Patients with an ethnic code of 'not stated' or missing ethnic group were excluded from the analysis. The Townsend score, which is derived from census variables and linked to patient place of residence, was used as a measure of social deprivation. 21 Patients were included in the study if they had two or more eGFR values below 60 ml/min/1.73m 2 recorded in the previous 2 years. eGFR was derived from serum creatinine values using the four-variable modification of diet in renal disease (MDRD) equation, which incorporates an adjustment for black ethnicity. 22 Additional clinical variables for analysis included the presence of the following Read Coded comorbidities (ischaemic heart disease, stroke, type 2 diabetes, hypertension, arthritis, and chronic pain) and proteinuria. 23 Arthritis was a composite of diagnoses for osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, and psoriatic arthritis. Patients were considered to be proteinuric if they had a protein:creatinine ratio value of ≥15 mg/ mmol, an albumin:creatinine ratio value of ≥2.5 mg/mmol for males, or ≥3.5 mg/mmol for females, or a urine dipstick result for protein of >1.
All prescriptions for oral NSAIDs (excluding low dose aspirin) in the past 12 months were extracted. In addition to deriving an indicator for whether an NSAID had ever been prescribed, the number of defined daily doses, summed for all classes of prescribed NSAIDs, was calculated for each patient. 24 Prescribing data were also extracted for paracetamol, as a possible alternative to NSAIDs, and for proton pump inhibitors (PPIs). Dyspepsia is one of the most common side effects of NSAID medication, and there is some evidence that symptomatic dyspepsia is more common among South Asian patients, and may act as a brake on rates of NSAID prescribing. 25 
Statistical analysis
All statistical analyses were performed using Stata (version 12). Numerical variables with values outside of the valid range were removed from the dataset.
To explore the prevalence and variation in NSAID prescribing, a logistic regression analysis was used to determine whether the odds of being in the top decile of NSAID use differed by ethnic group. This was adjusted for age, sex, deprivation, latest eGFR value, all comorbidities, and clustering by practice. A P-value of <0.05 was considered to represent statistical significance.
RESULTS

Study population
Of the 544 053 adult patients registered in the contributing general practices across east London, 12 011 satisfied the inclusion criteria for the study (two eGFR values <60 ml/min/1.73m 2 recorded in the previous 2 years). The characteristics of the British Journal of General Practice, July 2014 e449
How this fits in
NSAIDs are widely prescribed and are a preventable cause of nephrotoxicity. High intensity NSAID use is most frequent among people of white ethnicity. Hence differential prescribing is unlikely to contribute to the over representation of ethnic minority groups in renal replacement programmes. study population are shown in Table 1 .
The ethnic minority population with CKD is younger than the white population, but has a higher burden of comorbidities, with rates of diabetes mellitus being more than twice as high.
Prescribing rates for paracetamol are higher for South Asian and black groups compared with the white population, with PPI prescribing rates highest among South Asian groups.
NSAID prescribing
Among the total adult population, 11% had received at least one prescription for NSAID medication in the previous year.
NSAID prescribing rates were then examined among the study population of patients with CKD. Crude prescribing rates by ethnic group, age, CKD stage, and by numbers of comorbidities are shown in Table 2 . The proportion of patients receiving a prescription for NSAIDs does not vary by ethnic group. The prescribing rate of NSAIDs falls with increasing severity of CKD from 11.2% of patients with CKD stage 3, to 3% in those with CKD stage 5. Patients with chronic pain or a diagnosis of arthritis receive a higher proportion of prescriptions. However, as the prescribing rate falls, the number of comorbidities rises.
Using the combined daily defined dose (DDD) of all classes of NSAIDs for each patient, the odds ratios, by ethnic group, of being in the top decile of NSAID usage (≥252 DDD per year) were then calculated ( Table  3) . The model additionally adjusted for age, sex, Townsend deprivation score, latest eGFR, presence of CVD, type 2 diabetes, arthritis, chronic pain, and prescription of PPIs. Errors are adjusted for clustering by practice (Appendix 1). In contrast with the finding of no difference in the crude proportions receiving a prescription, it was found that there are highly significant differences in prescribing intensity by ethnic group, with both South Asian and black groups being much less likely to receive the highest NSAID load. The distribution of DDDs among the study population is illustrated in Appendix 2.
Sensitivity analyses
To explore these findings further, some supplementary analyses were undertaken.
Ibuprofen is the most common NSAID available OTC. It was considered plausible that differential purchase of NSAIDs OTC, by ethnic group, may introduce bias to the study findings. The multivariate analysis was therefore repeated excluding ibuprofen, this exclusion did not alter the study findings.
Paracetamol prescribing was then examined by ethnic group, as there may possibly be selective substitution of 
DISCUSSION Summary
This is the largest UK primary care study to examine NSAID prescribing by ethnic group in patients with chronic kidney disease.
The results demonstrate that black and South Asian groups are less than half as likely to be in the top decile of NSAID prescribing in comparison with white population groups hence they will have a lower cumulative prescribing load of NSAID medication. This suggests that NSAID prescribing with the attendant risks of nephrotoxicity is unlikely to be causally related to the more rapid progression of CKD in ethnic minorities, or linked to the higher rates of ethnic minority patients on the renal replacement register.
There is a stepwise decline in NSAID prescribing by CKD staging and by age, indicating that GPs are following current prescription guidance. Prescription of NSAIDs in stage 3 CKD is still high, however, with rates equivalent to those in the general population.
Patients with higher numbers of comorbidities have lower rates of prescriptions than those with only one condition, which may be consequent to increasing age and more frequent review of prescribing.
Strengths and limitations
The strengths of this study include the size of the study population, and the setting within a multi-ethnic area of London where over 50% of the population are from ethnic minority groups. The setting, combined with the exceptionally high rates of selfreported ethnic group, make the results relevant to other areas in the UK with similar populations. In the UK health system access to primary care is free, and hence reduces the confounding caused by differential access to prescription medications by ethnic group noted in some studies based in other countries.
Weaknesses relate to the pragmatic use of this database, designed primarily for clinical contact. There will be variation in the quality of data recording between practitioners. Electronic prescribing is British Journal of General Practice, July 2014 e451 universally used in the locality, however, and effectively abolishes the effect of recall bias on NSAID use. The major weakness in this study is the lack of data about OTC medication, hence exposure bias to NSAID may still exist. Attempts were made to reduce this bias by running a sensitivity analysis, and considering the rate of prescribing of alternative analgesics to NSAIDs. Despite these efforts, the authors remain uncertain about the extent of OTC oral NSAID use, and any variation by ethnic group.
Comparison with existing literature
Although topical NSAID preparations are widely used as prescribed medication and OTC, they were not included in this study. Sporadic case reports that describe renal effects following topical use are rare, 26 and a large UK database study did not find independent risks for acute kidney injury or hospitalisation relating to prior use of topical NSAIDs.
27
Implications for research and practice No evidence was found to suggest that differences in NSAID prescribing rates by ethnic group are associated with the excess of more severe renal disease, and the over-representation on renal replacement programmes, by black and South Asian patients in east London.
Although rates of NSAID prescribing are low among patients with severe CKD, these could be reduced further as this is a group who are most vulnerable to the effects of further renal damage. Improved patient understanding of CKD, and provision of written and web-based information on the potential hazards of NSAIDs, particularly during periods of acute intercurrent illness, is needed.
Further investigation of the reasons for excess progressive renal disease among these groups is needed, with the aim of reducing the costly burden of end-stage kidney disease for patients and health services.
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